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ABSTRACT

This study was performed to investigate the effects of different fat diets on the serum
lipid composition and on the morphology of liver tissue of the spontancously hypertensive
rats(SHR), Rats were fed for 17 weeks one of four fat diets, control(corn oil | beef tallow=1

© 1), beef tallow, grapesced oil and soybean oil. Blood was withdrawn by heart puncture
from each SHR, and used to determine the serum levels of rotal cholesterol, HDL-cholesterol,
trigly ceride and phospholipid.

No significant difference in body weight was obscrved in all diet groups, The total serum
cholesterol was significantly lower in SHR fed grapeseed oil than that of other groups. The
cholesterol lowering effect of grapeseed oil seemed to result from its high contents of phytos-
terol and linoleic acid. Also, serum HDL-cholesterol, triglyceride and phospholipid contents
were low in all the groups. Photochemical microscopic observations of the liver tissue revealed
the congestion of sinosoid which is regarded as the characteristics of SHR, but no significant
difference was observed among the groups.

KEY WORDS : grapesced oil - spontaneously hypertensive rat » serum lipid.
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Fooh. A sFa] 4HE A cholesterol
TEZF oA FUAEE EAAY By oly
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g A wiglycerided} frec fatty acid 59 linoleic
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noleic acid®t arachidonic acide #4&&d 5 59
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Beolvks gt oz g A E FAuate ki
noleic acid® arachidonic acid= prostaglandin]
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Table 1. Formulaton of experimental diet

QR

Experimental groups

Ingredients Control Beef tallow Grapeseed oil? Soybean oil
g/100g
Comn starch 54.9 54.9 54.9 54.9
Casein(Vitamin free) 20.0 20.0 20.0 20.0
Corm oil 7.5 - - —
Beef tallow 7.5 15.0 — -
Grapeseed oil - - 15.0 -
Soybean oil — — — 15.0
DL-Methionine 0.1 0.1 0.1 0.1
Mineral mixture?’ 4.0 4.0 4.0 4.0
Vitamin mixture®’ 1.0 1.0 1.0 1.0
a-Cellulose 5.0 5.0 5.0 5.0
Total calorie 4546.0 4346.0 4546.0 4346.0

(Kcal/Kg diet)

1) Grapeseed oil was refined from Seibell 9110 specics

2) Mineral mixmre(g/kg mixture) . Calcium phosphate dibasic 500, Sodium chloride 74.0, Potas-
sium citrate monohydrate 220, Potassium sulfate 52, Magnesium oxide 24, Manganous carbonate
(43~48% Mn) 3.5, Ferric citrate (16~17% Fe) 6.0, Zinc carbonate(70% ZnQ) 1.6, Cupric
carbonate(53~55% Cu) 0.3 Potassium iodate 0.01, Sodturmn selenite 0.0, Chromium potassium

sulfate 0.55, Sucrose 118.0

3) Vitamin mixture(g/kg mixture) : Thiamin HCI 0.6, Riboflavin 0.6, Pyridoxine HCl 0.7, Niacin
8.0, Calcium pantothenate 1.6, Folic acid 0.2, Biotin 0.02, Vitamin B;»(0.1% trituration in
mannitol) 1.0, Dry vitamin A palmitate(500,000U/g) 0.8, Dry vitamin E acetate(500U/g) 10.0,
Vitamin Dgtrimration(tLO0,000U/g) 0.25, Menadione sodium bisulfite complex 0.15, Sucrose

981.08

McOHZ A3 ZAFLL®” column
Supelcowax 10 AH&3HHTH 25 Y+
220T, A&7] 230COI AL column 2X¥E 160T
AN FAAD F E£F 2CH FEAA 180C=
FANRL A FEHS 74, 24 30ml/min, F
712 300ml/min ©) At B 2H S g B
e AW ERFEL Florsil columnd o]
Bto] @slgd ¥ 37 alcohol® AAT T Silica
gel 60GE FAAZ TLCE 4N 8t 2HE F9
desmethylsicrolF € 23t E2lH desmethyls-
terol8 £ BF AP

ABAHFL WY, AF ForEFS 34 34
SANAI HOBAF 55 11F, 17574 Hed
108 AAAD AF 2zt Hojzuict 4FANE S
FF AL ASARoH AAHAP FG4L IS
FEd §F I5AZHEN 3D 2L EH
st A5 ¥ cholesterol, triglyceride(TG)

2 phospholipid(PL) 8] #HE Gilford 3ALA
(Cleveland, OH, U.5.A)% dlinical autoanalyzer
(Impact 400E) 2 £33 951, A HDL-choleste-
rol- Bachorik 519 2] ¥ o] wtel 4TE #4381
heparin(500pg/mD# MnCly(eM) EFILE A&
3] THE B-apolipoproteing AAA7l ¥ HDL-
fracion®] cholesterol® autoanalyzerZ £33
=3

Z2AL 1754 AE JANA £HEen
2 formalind ZAE F FAFE oF et
22 gl )AL microtomeE Sumé
FAZ AL TE S hematoxylin-eosin H 4
€ 39 Olympus Vanox #3887 2 (X200) oA
#Eatay A EG S

EE AHEF dejA F 4P ER BF
| 2 BELAE HEIAT 4 dYYolE ¥
FX2Ee) 9 3 Tukey test®® o 28} =0.05 -
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Table 2. Fattv acid compositon and sterol content of dietary fats

Fatty acid Control Beef tallow Grapeseed oil Soybean oil
area %
140 1.5 3.1 - 0.1
141 1.7 3.0 - -
16:0 19.1 25.5 7.5 12.5
16 : 1 3.1 5.9 0.2 0.3
1810 8.1 14.4 5.2 3.7
18:1 34.2 41.5 19.6 21.9
18:2 29.7 8.6 66.3 53.0
18- 5% 0.8 0.5 0.6 7.7
20:0 0.3 0.4 0.2 0.5
others?) 1.5 2.3 0.4 0.5
P/S rato!’ 1.05 0.09 5.19 3.66
Sterol?’ 47 — 300 65
(mg/100g) ‘

1) Polvunsaturated fatry acids to sawrated farty acids ratio
2) Not identified fatty acid
3) Total plant sterol

Table 3. Bodyv weight gain, food inwake and feed efficiency ratio!)

Variables Control Beel tallow Grapeseed oil Soybean oil
Bodv weight gain(g/day)  2.00+0.12(7)? 1.96+0.15(7)  2.05£0.11(8)  2.05:+0.12(6)
Food inrake(g/day) 15.5840.28 14,744 0.23 15.64+ 0.47 16.14+0.43
Feed efficiency ratio 0.13+0.01 0.13+ 0.02 0.1340.01 0.13% 0.00

1) No significant differences observed among treatments at p<(0.05
9) Meant SEM(No. of animal)

o] Tt

Fol A

o)
ot
_Q‘il‘
bt
o

47mg/100g

AN FF 2 EEY ARAAF, 3

.&7].31:

24 Alss&e F 33 g Aol FA

Aol g AW Fg AFd=A
2 A ENEHE FF2 § 29 Zo| EXFAF
o F5= linoleic acid?} Z+Z 66.3%, 53.0% &
F8 Aoz JEYE tiFfE SAHLE
a-linolenic acid?} 7.7% @HKHHAuT}. A= 23
A HkAkel palmitic acid €} stearic acid?t 25.3%, 14.
4% 2 cleic acid®t &M FH ez ¢
Bton JEA2HEY F9FE EEZART
300mg/100gL 2 HF 9 65mg/100gETH w2
#HL P97 $A 9 $eifrt E¥E EF R

A Rol7t gl Aoz Hol 4] ALSH
2ol x| ol Alg HHFA AFF7rEA TS
XA g Fes e

AGAL R HojAge FRo BE VA F
cholesterol kel WatE K 49 o] HojRg
11535 2+ Ae|iolx F cholesterol T HFO| F
Zhetgen] 53 iz prEdlA fedes
Z7tetsdch 484 %7 FAA GOTH soT
Al F A% "‘7’r6h‘f FAE UHAAL 17
FA BrTEAME Fidte A¥E Hiou
4L At /awl 7t & BTFo] & 4o
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Table 4. Total serum cholesterol contents of SHR fed different types of fat for 5, 11 and 17 weeks!

Dietary groups

Week Control

Beef tallow

Grapeseed oil Soybean oil

meg/dl
5 39.41+ 2.91(9)aPA? 57.33+3.68(9)a B 34.27+2.50(9a A
74.13+£4.18(7)b C 41.26+1.29(8)ab A 53.78+2.93(6) B
68.24+3.28(7)abC  43.13+2.21(8)b A

11 60.91+ 1.58(7)b B
17 66.95+2.71(7)b C

4235+ 4.38(8) A

55.48+92.57(6) B

1) Mean+ SEM(No. of animal)

2) Values in a row (diet group) with different superscript letters(A,B,C) are significantly different

by Tukey test(p<0.05)

8) Values in a column(feeding period of diet) with different superscript letters(a,b) are significantly

different by Tukey test(p<C0.05)

Table 5. Serum HDL-cholesterol contents of SHR fed different types of fat for 5, 11 and 17 weeks?

Dietary groups

Week Control

Beef tallow

Grapeseed oil Soybean oil

mg/dl

5 30.71+ 2.78(9)aPABY 42.87+3.12(9) B
50.57+ 5.07(7)
44.06% 5.06(7)

11 50.51+ 4.67(7b
17 47.68+ 3.46(7b

34.61+ 3.95(3) AB
88.55+5.78(6)
40.93+ 3.83(6)

29.69+ 3.06(9) A
$5.22+ 5.91(8)
37.80% 2.46(8)

1) Mean+ SEM{(No. of animal)

2) Values in a row (diet group) with differcnt superscript letters(A,B) are significantly different

by Tukey test(p<C0.05)

3) Values in a column(feeding period of diet) with different superscript letters(a,b) are significantly

different by Tukey test(p<C0.05)

T2 % cholesterol¥ HT} E9tem 1153 o] %
dE coTEol FoFew A WA e
EA4E 2 Aol FY p/sH7E F0 8 TF F choles-
terol FFol FLFeEN HolF PUFAHI &S
Z7VA#HE vl F cholesterol %71 Rl e
22 A7ATs} AP0 pUras] A
cholesterol 37| ML o}ld @2 =g fde
24 Chait $2°3 Cortese $22 PUFA”} SFA
Bt} ketone bodyZ v Be] A= e 7t
A4 G4 E 1G9 9 incorporation HEE VLDL
2 LDL #4 0] Aol 83 vLDLY TG &
TE AL FAHAL o ¢he 2 PaulF
& pUFA7} LDLY o8 2 4-& ERAP 2 A
Y% cholesterold ABANttn Basdct &
H, PUFAY #Fel ¥ %& GOoTH SO0 F
cholesterol F#Arol9] @2 p/s ¥ HEA

26| 59 FFA ol m 710% AR FHAHch
Goldstein £29& 83 cholesterol ¥ 4 %ol A
2)0] 4 cholesterol®] F4 B 7+ A cholesterol
T4 2 Pl d8F FEs deca e
B-sitosterol, stigmasterol, campesterol £2| 4&
A2 E2 cholesterold F27} FARSte] A A
Hog Ft H7) @ Eo £3dA cholesterol
FE HASY fecal steroid 22 W1EE F37 A
Rozd ANANHY cholesterol FHE A FA
e Aoz dEA YohYivn) oaiM ¥ 49
7ol ExZAfAole & Aol uEM p/s
g 2 A 2gE gl w7] qFEd A
cholesterol®] & Friodx &7 713 & 4
22 HA=HT F choleswerold " AE FFS
2Es) AE5] HHAE YR AE B F

He 4% FHdel T Ao
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Table 6. Atherogenic index of SHR fed different types of fat for 5, 11 and 17 weeks!

Dietary groups

Week Control Beef tallow Grapeseed oil Soybean oil
mg/dl
5 0.30+ 0.05(9)? 0.38+ 0.05(9)a¥ 0.25+ 0.05(9) 0.31+0.05(8)
11 0.34+ 0.08(7) 0.45+0.,07(7)a 0.87+ 0.03(8) 0.87+0.09(6)
17 0.42+0.04(7) A¥Y  0.62+0.09(7)b B 0.34+0.04(8) A  0.57+0.07(6) A

Total cholesterol—HDL-cholesterol
HDL-cholesterol

1) Atherogenic index =

2) Mean® SEM (No. of animal)

8) Values in a row (djet group) with different superscript letters(A,B) are significantly different
by Tukey test(p<(0.05)

4) Values in a column(fceding period of diet) with different superscript letters(a,b) are significandy
different by Tukey test(p<0.05)

Table 7. Serum triglyceride contents of SHR fed different types of fat for 5, 11 and 17 weeks"

Dietary groups

Week Control Beef tallow Grapeseed oil Soybean oil
mg/dl
5 66.23% 2.35(9)23AY 85.40+2.69(9) B 64.89+5.47(9) A 63.48+ 3.06(8) A
11 79.85:+2.95(7)b AB 92.36+4.48(7) B 69.71+ 4.79(9) A  69.12+2.29(6) A
17 86.12+ 9.56(7)b AB 99.79+5.90(7) B 72.70+ 5.66(8) A  73.58+3.51(6) A

Aol 5 17FL T} F
terol & F2] dWae ¥ 59 el blg Zo] &
Aol F& AolFe 11FA F7hebaL

AT FAYZLE F4of

1) Mean+ SEM (No. of animal)

2) Values in a row (diet group) with different superscript letters(A,B) are significantly different
by Tukey test(p<C0.05)

3) Values in a column(feeding period of diet) with different superscript letters(a,b) are significandy
different by Tukey test(p<(0.05)

Badag . 22y Wistar rat®) HDL-cholesterol
F7 AT fedol g HAHs) (p<0.01) B
At 5% T Shepherd? s} YH % S 27t

A HDL-choles-

S ES

Fol e fFelres st om 175R8dE 11 corn oil, safflower oil B¢ PUFAE o] T2 2

H & HDL-cholesteroll 3 WHEZT A9 0|7} HDL-cholesterol ¥& ZAAFHTT 3o
AT Aol Ao TR WE 2o E o} PUFAZ}F HDL-cholestcroldl ] X]= <F 3o
HDL-cholesterol &2 17FAE Adsic qaire & dvtE dage Bosan o
BTT-¢l B2 ol it 2A e o7zt 2Adge 4873 F p/s H&° ¥ GOT
% GowolA ¥ Fgg BAot 5374 BTE T 2ol 2t} HDL-cholesterole] ®& AL

it Bel3 9o} & cholesterole] W3 HDL-choles-

terol®] HlEo] GOz so0FANM =7 wWE

Singer 292 205748 24 nE QA 9 wis-
tar ratl linoleic acid® FstgS of ¥4 ¢
7t TG linoleic acid 2t arachidonic acid7} @2 3]
Z7)lalg o Bl dEGHANA £ cholesterol
ako] 43190 T HDL-cholesterol®] ol thi

atherogenic index? ¥ 2737 BTZET $&
Aoz ANPH(E 6).

HATGY e ® 7o) vheEbA uhel 2o
2487z F 4 AGTAA Pl EFE BA
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Table 8. Serum phospholipid contents of SHR fed different types of fat for 5, 11 and 17 weeks"

Diclary groups

Week Control Beef tallow Grapeseed oil Soybean oil
mg/d]
5 75.85+ 5.44(9)a¥ A¥ 109.10+5.75(9)a B 73.81+4.03(9)a A 74.31+2.28(8)a A
11 128.18+ 2.48(7)b B 159.06+ 6.72(7)c C 90.26+ 1.82(9)b A 94.830+3.50(7)b A
17 12670+ 6.47(7)b B 1%85.13+ 5.32(7)b B 98.53% 3.70(8)b A 103.20+ 4.44(6)b A

1) Mean+ SEM (No. of animal)
2) Values in a row(diet group) with different superscript letters(A,B,C) are significantly different

by Tukey test(p<0.05)
3) Valucs in a column(fecding period of diet) with different superscripe letters(a,b,c) are significan-

tly diffcrent by Tukey test(p<(0.05)

-“i. "' T L ¢
3 §i§§~?~ @%{
)3

RTINS

i S

Fig. 1. Photomicrograph of liver tissucs from SHR fed dier for 17 wecks (x200)
A * Control diet group C * Grapeseed oil diet group
B : Beef rallow dier group D ' Soybean oil diet group
Hla] ggton ¥aAwite] FEAA BTT A

2y dZzTs 115, 177 718 Agstis 2
F ¥4 1o ¥R BE Jopnt Re¥oE

2717t BAE Fd40) At 284 7t
P/sH] & o] & GOT, SOFo] d=Ee BT =t
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